INTRODUCTION
Iron is an important environmental and bioelement, which forms complexes with various catecholicligands [1] [2] [3] [4] [5] [6] [7] . The complexation behaviour of Fe(III) towards the well-known analytical reagent 4-nitrobenzene-1,2-diol (4-nitrocatechol, 4NC) (8, 9) has been studied in connection with designing new chelators for treating iron overload 10, 11 , nonheme iron-containing enzymes [12] [13] [14] , surface chemistry 15 , chemistry of the marine environment 16 , stability assessment and comparative studies 17 . The results 10, 17 . The third one can readily participate in an ion-association process with the cation of 2,3,5-triphenyl-2H-tetrazolium chloride (TTC), producing a well chloroformextractable yellow-coloured ternary complex (18) . Having in mind the conclusion (19) that some tetrazolium salts (TZSs) {e. g. 3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium bromide (MTT), 3-(2-naphtyl)-2,5-diphenyl-2H-tetrazolium chloride (Tetrazolium violet, TV), and 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl-2H-tetrazolium chloride (INT)} can be better than TTC as extraction-spectrophotometric reagents, especially when 4NC is used as a ligand [20] [21] [22] [23] [24] [25] , we set the goal to study the complex formation and liquid-liquid extraction in systems containing Fe(III), 4NC and each of the above mentioned TZSs.
MATERIALS AND METHODS
A stock iron(III) solution (1 mg -3 mol L -1 ). The chloroform was redistilled and used repeatedly. All other organic solvents were used as receivedfrom the supplier. The acidity of the aqueous medium was set by the addition of buffer solution, prepared by mixing 2 mol L -1 aqueous solutions of CH 3 COOH and NH 4 OH. The resulting pH was measured by a Hanna HI 83140 pH meter. A Camspec M508 spectrophotometer (United Kingdom), equipped with 10 mm path-length cells, was employed for reading the absorbance.
Procedure for Establishing the Optimum Conditions
Aliquots of Fe(III) solution, 4NC solution (up to 1.6 mL), TZS solution (up to 2.5 mL) and buffer solution (3 mL; pH ranging from 3.5to 7.0) were introduced into 125-mL separatory funnels. The resulting solutions were diluted with distilled water to a total volume of 10 mL. Then 10 mL of organic solvent were added and the funnels were shaken for a fixed time (up to 5.0 min). A portion of each organic extract was transferred through a filter paper into a cell and the absorbance was read against a blank.
Procedure for Determining the Constants of Distribution
The distribution constant K D was found from the ratio K D = A 1 /(A 3 -A 1 ) where A 1 is the absorbance obtained after a single extraction (at the optimum operating conditions; Table 1 ) and A 3 is the absorbance obtained after a triple extraction under the same conditions. The final volume of the solutions in both cases was 25 mL.
RESULTS AND DISCUSSION

Choice of organic solvent
Various water-immiscible organic solvents were examined in our liquid-liquid extraction study: chloroform, 1,2-dichloroethane, n-butanol, npentanol, isoamyl alcohol, benzene, toluene, 5-methyl-2-hexanone, cyclohexane, ethyl acetate, and nitrobenzene. Chloroform was found to be the best extraction solvent when TZSs were MTT or TV. However, the mentioned solvent was inappropriate when TZS was INT. Among the tested solvents, only nitrobenzene was capable to extract this ternary complex. The high toxicity of nitrobenzene, along with the lack of evidence that INT can offer any special advantages over MTT/TV were reasons that led us to abandon further experiments on the Fe(III)-4NC-INT system.
Absorption spectra in chloroform
Spectra of chloroform extractsof the ternary complexes (curves 1-3) and blank samples (curves 1'-3') are shown in Fig. 1 . Curve 1 (TZS=MTT) and curve 2 (TZS=TV) were recorded at the optimum operating conditions. The complex with TV exhibits a maximum at 435 nm, where is the maximum of the Fe-4NC-TTC complex 18 . The maximum of the Fe-4NC-MTT complex lies at 430 nm. By virtue of the thiazole group in MTT + , this salt has an additional absorption maximum in the visible range (~380 nm) 19, 27 which overlaps significantly with the maximum of the anionic Fe-4NC chelate. This peculiarity can explain the highest molar absorptivity of the Fe-4NC-MTT complex { (Fe-4NC-
, and  (Fe-4NC-TTC) =2.7×10 4 L mol -1 cm -1 }as well as the small hyposchromic shift (5 nm) of the resultant maximum (curve 1).
Curve 3 (Fig. 1) shows a spectrum of the Fe-4NC-TV complex extracted under non-optimum conditions -higher pH and TV concentration. The maximum in this case appears at 500-510 nm due to a competitive equilibrium of formation of coloured ion-associate between the reagents 28 . This salt-like compound, which governs the colour properties of the blank sample,eventually extinguishes the main peak of the complex at ~435 nm.
Effect of pH
The effect of pH on the Fe(III) extraction is shown in Fig. 2 (1, 30) .
One can conclude, comparing the optimum pH intervals for extraction of the complexes 
Effect of reagents concentration
The effect of 4NC and TZS concentrations on the absorbance is shown in Fig. 3 . The optimum reagents concentrations deduced from this figure are shown in Table 1 .
Effect of shaking time
The extraction equilibria for the systems with MTT and TV are reached for ca. 30 sec and 60 sec, respectively. Since longer shaking times had no effect on the absorbance (up to at least 340 sec), we extracted in our further experiments for 1.5-2 min.
Composition, formulae and equilibrium constants
The molar TZS-to-Fe(III) and 4NC-to-Fe(III) ratios were determined from the experimental points presented in Fig. 3 . Two different methods were used: the straight-line method of Asmus(31) and the mobile equilibrium method (32 The association constants  describing eq. 1 were determined by several independent methods: the Mobile equilibrium method 32 , the Holme-Langmyhr method 33 , and the HarveyManning method 34 . The distribution constants K D describing eq. 2 were calculated from the absorption values obtained after single and triple extractions in equal final volumes. The extraction constants (K ex ; eq. 3) and the recovery factors (R) were calculated by the formulae Log K ex =Log K D +Log and R%=K D ×100/(K D +1), respectively. All experiments were performed atroom temperature of ~22°C and the calculations were carried out at a probability of 95 %. The results are given in Table 2 .
Beer's law and analytical characteristics
The adherence to Beer's law for each Fe(III)-4NC-TZS-water-chloroform system was examined under the optimum extractionspectrophotometric conditions.Then the molar absorptivities, Sandell's sensitivities, limits of detection and limits of quantification were calculated. The results are listed in Table 3 . One can conclude that the couples 4NC-MTT and 4NC-TV ensure high sensitivity of determination. In this criterion, they are much better than the single TZSs used by Mehra and Katyal(35) L mol -1 cm -1 (TZS=INT)}, as well as the couple 4NC-TTC described in our previous paper (18) .
CONCLUSION
The cations deriving from MTT, TV and INT were studied for the first time as components of extraction-chromogenic systems involving iron (III) and 4NC. The ternary ion-association complexes formed with MTT + or TV + are chloroform-extractable; they contain the intensively yellow-coloredanion [Fe(4NC) 3 ] 3-.The calculated equilibrium constants and characteristics (constants of extraction, constants of association, constants of distribution, recovery factors, molar absorptivities, Sandell's sensitivities, limits of detection, and limits of quantification) show that the couples MTT-4NC and TV-4NC have a potential to be used in liquid-liquid extraction-spectrophotometric applications relating to iron(III).
